Introduction
In an earlier study, we demonstrated that optokinetic stimulation (OKS) can elicit body translation in the same direction as the OKS flow if a target for fixation is present, but in the opposite direction if there is no such target 1) . The former can be attributed to an illusory traveling perception driven by retinal slip 2) 3) , whereas the presence of a cross-coupling effect on the postural response may indicate that the latter is driven by the velocity storage integrator (VSI) 1) . On the other hand, Ivanenko et al. reported that neck vibration induces body sway in the direction of gaze, which they attributed to rotation of the viewer-centered reference frame 4) . This raises a question as to whether body sway elicited by OKS in the absence of a fixation target is driven by the VSI, or whether it is determined by the lateral orientation of gaze. To address this, we reasoned that if OKS was able to elicit a change in the direction of body sway induced by neck vibration away from the direction of gaze, this might be indicative of a contribution from the VSI. We therefore simultaneously applied posterior neck vibration and horizontal OKS to healthy subjects without a fixation target. 
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We previously reported that optokinetic stimulation elicited body sway in the same direction as the stimulus flow when a fixation target was present, but in the opposite direction when there was no such target. On the other hand, posterior neck muscle vibration reportedly elicits body sway in the direction of gaze. Optokinetic stimulation without a fixation target could elicit not only optokinetic eye movement, but also static shift of the gaze direction. Our aim was to determine, in the absence of a fixation target, whether the gaze direction or optokinetic eye movement drives the body-sway response.
We applied posterior neck muscle vibration and optokinetic stimulation simultaneously, and compared the body-sway to the gaze direction. The direction of the elicited body sway was opposite to the optokinetic flow, and the amplitude of displacement was greater than the shift in the direction of gaze. The body sway didn't demonstrate a time-dependent reduction during optokinetic stimulation. We conclude that optokinetic eye movement drives a dynamic, accumulative mechanism that induces a postural response, which exceeds the shift in the direction of gaze. 
Materials and Methods

Experimental set-up
Subjects stood on a force platform (GS6700, Anima Co., Ltd., Japan), which measured displacement of the centre of pressure (CoP). This instrument was modified to deliver CoP data in real-time, and was synchronized with data on eye movement and neck vibration. The room lighting was darkened, and the subjects wore goggles for infrared video oculography 
Data processing
Representative data are presented in Figure 2 3 The forward lean of the body over the 3 s immediately prior to OKS projection was averaged as the standard translation. During OKS projection, the angle of rotation of the direction of CoP translation in the yaw plane relative to the standard was calculated and averaged. Clockwise rotation was defined as positive.
Statistic analysis
In Table 1 , differences between the direction of CoP translation and direction of gaze were analyzed using paired t-tests. In Figure 4 , the relation between the direction of CoP translation and OKS velocity was determined by calculating the regression coefficient and evaluating its significance. In Figure   5 , the effect of the time course was analyzed using ANOVA. Values of P<0.05 were considered significant in all analyses.
Results
We observed that in the response to OKS and neck muscle vibration, the direction of CoP translation was significantly related to OKS velocity (Fig.  4) . OKS appeared to induce an oppositely directed body sway, with a faster OKS eliciting a larger lateral displacement in the body sway direction. No one complained of any illusory traveling perception, perhaps due to the small OKS-projecting field and the relatively long distance between the subjects and the screen.
In Table 1 In order to evaluate the time-dependence of the body-sway direction, we compared the CoP translation for each 10 s of the stimulation period. Our Table 1 
Discussion
It was previously reported that the direction of body sway elicited by neck vibration was aligned with the direction of gaze 4) . Here, in however, we observed a discrepancy between the directions of body sway and gaze when vibration and OKS were applied simultaneously. Though the direction of gaze tended to turn only slightly in the direction opposite to flow of the OKS, a much larger lateral translation in the CoP was seen. We have thus been able to show that OKS can induce a shift in the direction of body sway opposite to the horizontal pattern movement, while the subject's eyes are continuously directed roughly forward. That is to say, the direction of body sway did not align with the direction of gaze.
In this experiment, there was no fixation target, OKN was elicited, and OKS drove lateral translation, probably through the VSI. This may mean that in the earlier study mentioned above 4) , in which subjects g., the rotation disappeared within about 2 min. That length of time was too great for us to use in our experiment because of the distress it would cause the subjects; it is very difficult to remain standing and alert for that long with neck vibration and OKS application. In our study, therefore, we applied OKS lasting for 30 s to evaluate the time-dependence of the response, and did not detect any significant reduction (Fig. 5 ). This might indicate that OKS goes on driving the underlying mechanism continuously, which is consistent with the idea that it is not the sideward static fixation that elicits the response, but some type of dynamic afferent stimulation related to eye movement, such as VSI. That said, we did not observe a tendency for the response to decline during the 20-30-s segment of the OKS, but the change was not significant, which was consistent with our earlier observations 1) . This effect may be attributable to a shift in the driving force from VSI to retinal slip, and might be identical to the reduction mentioned by Grasso et al. 5) .
